Five cases of severe anaphylactic reactions to alcuronium are described. Investigation suggested that these are probably true anaphylaxis to the drug. The cases illustrate the value of intradermal testing in detecting the drug involved and the necessity of using colloidal solutions and adrenaline in the management of hypotension due to anaphylaxis.
INTRODUCTION
The incidence of severe allergic reactions to intravenous drugs used in anaesthesia is increasing (Dundee 1976 , Fisher 1975 .
Reports of anaphylaxis to alcuronium are rare. Ch an and Young (1972) described a reaction which was most probably due to alcuronium occurring in a 51 year old female on first exposure and on a second occasion. Heath ( 1973) noted that anaphylaxis to alcuronium had been reported to the British Committee on Safety of Drugs. Rowley (1975) reported a reaction in an allergic patient confirmed by intradermal testing.
CASE REPORTS

Case 1
A 25 year old fit male patient with a history of allergy to codeine was anaesthetized with thiopentone 400 mg and a1curonium 20 mg. Shortly after induction he became difficult to ventilate and developed a widespread erythematous flush and the radial pulse became impalpable. Heart rate by auscultation was 160 beats per minute. The patient was intubated and given 0.5 ml of 1.1000 adrenaline by slow intravenous injection. Hartmann's solution 500 ml and stable plasma protein solution (S.P.P.S.) 500 ml were rapidly infused and the blood pressure returned to 100 mm Hg systolic. He was given hydrocortisone hemisuccunate 100 mg and his blood pressure returned to normal over a three hour period. He suffered no sequelae. He had received five previous uneventful anaesthetics and alcuronium had been used on three of these occasions.
Case 2
A 46 year old woman with no previous exposure to anaesthesia and no history of allergy was anaesthetized with thiopentone 300 mg and alcuronium 20 mg. She developed an immediate generalized flush and was noted to have marked peripheral vasodilation; her blood pressure became unrecordable. She was intubated, and given 100% oxygen and external cardiac compression. She was given Hartmann's solution 2500 ml over fifteen minutes wil'h no improvement A central venous catheter was inserted and central venous pressure (C.V.P.) was 2 cm H 2 0 (Zero reference point mid-axillary line). She was given 5 % Dextrose 500ml and S.P.P.S. 500ml. Her blood pressure rose to 70 mm Hg systolic and she was given digoxin 0.5 mg and dexamethasone 120 mg. She was given neostigmine 2.5 mg and atropine 1.25 mg and spontaneous respiration commenced. Arterial blood gases (C.I.G. mask. 8 1/min.) were PO~ 108 mm Hg, PC02 49 mm Hg, pH 7.27. A triple lumen Swann Ganz catheter was inserted through the right internal jugular vein. Cardiac output (CO) by thermodilution was 4.5 l/min., pulmonary artery pressure (PAP) 20/4 mm Hg, pulmonary wedge pressure (PWP) 8/0 mm Hg, C.V.P. 8 mm Hg and arterial blood pressure (BP) 110/75 mm Hg. Clinically she had poor peripheral perfusion. She was given a further 500 ml of S.P.P.S. over four hours and her peripheral perfusion improved. Measurements at this stage showed CO SI/min., C.V.P. 7 mm Hg, PAP 18/10 mm Hg, PWP 11/2 mm Hg, BP 135/ 100. The next morning she was well. Blood gases were normal and her haemodynamic measurements showed CO 7.2 l/min., CVP, 7 mm Hg, PAP 22/12 mm Hg, PWP 16/6 mm Hg, BP 150/ I 10. She suffered no sequelae. There were no significant changes in C3, C4, complement fractions or total haemolytic complement.
Case 3
A healthy 18-year-old female patient with no history of anaesthesia or allergy was anaesthetized for laparoscopy and laparotomy. She was induced with thiopentone 250 mg and alcuronium 15 mg, intubated and maintained with nitrous oxide and oxygen and halothane. During laparoscopy her blood pressure fell slowly to 75 mm Hg systolic despite withdrawal of halothane. Lactated Ringer's solution 750 ml was infused and her blood pressure rose to 120 mm Hg systolic. The laparoscopy was completed and it was decided to perform a laparotomy as free blood was present in the peritoneal cavity. A further 5 mg of alcuronium was given. Within two minutes the blood pressure was unrecordable and no radial pulse was palpable. The patient developed generalized erythema of face and trunk and then oedema of the face, upper airway and tongue. There was no bronchospasm. She was ventilated with 100% oxygen and rapidly given 3 litres of S.P.P.S. dexamethasone 16 mg and 2 ml of 1/ I 0,000 adrenaline solution. Her blood pressure rose to I 10 mm Hg and was maintained with a further 8 ml of I. 10,000 adrenaline over two hours. Her sinus tachycardia persisted throughout surgery and analgesia was provided with fentanyl.
Two hours postoperatively she was extubated and her oedema resolved over the next fortyeight hours. In the first twenty-four hours postoperatively she complained of severe upper abdominal cramps, nausea and vomiting, which were not relieved by conventional therapy.
Case 4
A fit 38-year-old woman was anaesthetized for cholecystectomy. She had no history of allergy and had three previous general anaesthetics. Details of one of these were not available but she had no alcuronium on the other two occasions. She was induced with thiopentone ISO mg and alcuronium 16 mg, and ventilated with nitrous oxide and oxygen. There was some difficulty with ventilation and this persisted after intubation. Auscultation revealed faint breath sounds but no rhonchi. Her face was pale and it was noted that there was very little bleeding from the surgical incision. Her radial and carotid pulses were impalpable although heart sounds were present. Ventilation with 100% oxygen and external cardiac compression were immediately commenced. Electrocardiography showed sinus tachycardia. She was given hydrocortisone 100 mg, 4.2 % sodium bicarbonate 200 ml and Hartmann's solution in 5 % Dextrose 800 ml and her carotid pulse became palpable. Fifteen minutes after the onset of the reaction she developed periorbital oedema and a generalized erythematous rash. Over the next few minutes her whole face became oedematous. Her systolic blood pressure rose to 80 mm Hg but she remained intensely vasoconstricted. She was given adrenaline 200 !Lg and this was repeated. Her systolic pressure rose to 100 mm Hg on each occasion but fell again. She was given 500 ml of S.P.P.S. and her circulatory state returned to normal and remained normal. She remained restless and semicomatose for three hours after the acute episode, but made a complete recovery. Two months later she had a repeat anaesthetic for cholecystectomy using thiopentone and pancuronium and this was uneventful.
Case 5
A Ilt 68-year-old man with no history of allergy was anaesthetized for retinal detachment. He was inducted with thiopentone 250 mg and alcuronium 20 mg. Immediately he became profoundly hypotensive with a heart rate of 160 beats minute and marked vasoconstriction. He was given 1200 ml of Hartmann's solution and 500 ml of haemaccel and ventilated with 100 % oxygen; his blood pressure rose to 60 mm Hg systolic. An infusion of dopamine was commenced and his systolic blood pressure rose to I 10 mm Hg although his supraventricular tachycardia persisted. The dopamine was ceased. He was cardioverted to a slower nodal rhythm wit:h ventricular ectopics and given 100 mg of lignocaine intravenously. The tachyarrhythmia returned and he was given Digoxin 0.5 mg in divided doses and Verapamil 19 mg in divided doses; he reverted to sinus rhythm after thirty minutes. He was reversed with atropine and neostigmine and suffered no other untoward events. 
INVESTlGA TlONS
Intradermal testing using the mel!hod described by Fisher (1976) was performed on all patients. Blood was taken from all patients, separated by centrifugation and the serum was stored at 4°C.
The serum was subsequently used in tests to determine the presence of antibodies to the agents using Prausnit-Kustner (P.K.) testing in humans and macaca nemistrina monkeys at twenty-four hours and passive cutaneous anaphylaxis (P.CA.) with Evans Blue after four and twenty-four hours in macaca nemistrina monkeys (Parrish 1971, Lay ton, Lee and DeElds 1961) . All serum used for testing was screened for hepatitic antigens.
RESULTS
Case 1
Intradermal testing showed a positive wheal and flare reaction to 1.1000 dilution of alcuronium and no reaction to thiopentone, dtubocurarine and suxamethonium; there were no reactions in controls. P.K. testing at twentyfour hours in humans and monkeys gave a positive reaction to alcuronium only. P.CA. testing at four hours was negative and twentyfour hours positive to alvuronium.
Case 2
A positive wheal and flare reaction occurred to 1.1000 dilution of alcuronium and no reaction to thiopentone, d-tubocurarine and suxamethonium. The control had a small wheal and flare reaction to 1.1000 d-tubocurarine. P.K. testing and P.C.A. testing were both negative in humans and monkeys.
Case 3
A positive wheal and flare reaction occurred to 1.100 alcuronium, a slight reaction to 1.1000 alcuronium, and negative reactions to d-tubocurarine and thiopentone. There were no reactions in controls. P.K. testing was positive in humans and monkeys and P.CA. testing negative.
Case 4
A positive wheal and flare reaction occurred to 1.1000 dilutions of alcuronium and d-tubocurarine with negative reactions to thiopentone, pancuronium, suxamethonium, gallamine and saline. P.C.A. testing was negative and P.K. testing positive in humans and monkeys and positive to alcuronium only.
Case 5
Intradermal testing showed a positive reac- tion to 1.1000 alcuronium and negative reactions to thiopentone and d-tubocurarine. P.CA. and P.K. testing were negative. DISCUSSION Fisher (1978) discusssing reactions to gallamine noted that all the proven documented cases had occurred in Australasia and a similar situation exists with alcuronium. It is not known whether this is reflection of interest or whether the phenomenon is more common in that area. In females in Australasia reacting to gallamine and suxamethonium on first exposure, positive P.K. tests have demonstrated IgE antibodies to the drugs (Fisher 1976, Jerums, Whittingham and Wilson 1967) . This suggests the patient receiving the drug is already sensitive and some environmental cross sensitivity occurs. In three of the patients in this report P.K. testing was also positive, although one had received the drug before, suggesting a similar possibility for alcuronium.
Case 1 had a reaction to alcuronium on the fourth exposure. Fisher (1975) reviewed the literature on acute allergic reactions to anaesthetic drugs and found only one case of reaction to relaxant in which there had been previous exposure (Watt 1972) . In anaesthesia, thiopentone is the only agent previously described to cause anaphylaxis after multiple previously safe exposures.
Since introducing a standard intradermal test for the determination of the causative agent in anaphylaxis to anaesthetic agents (Fisher 1976 ) the test has been used in thirtyseven cases and a meaningful result obtained in thirty-six. Confirmation by other means have been possible in thirty cases.
The positive reaction to d-tubocurarine and alcuronium occurring in Case 4 is confusing. Alcuronium and d-tubocurarine are similar in structure and cross sensitivity is possible. The presence of a negative P.K. reaction does not exclude the presence of antibodies. Reactions have occurred to both gallamine and suxamethonium, one persisting with greater dilution (Evans and McKinnon 1977) and one giving a negative result to one drug in greater dilution (Fisher 1976) . The reaction to d-tubocurarine may be a manifestation of the direct histamine releasing properties of d-tubocurarine which is greater I'han other relaxants (Stovner and Lund 1970) and we have found patients with no history of allergy and with an allergic history who have shown positive wheal and flare reactions to 1.1000 dilution of d-tubocurarine.
A similar case of a reaction in which both dtubocurarine and aJcuronium were given and intradermal testing was positive to both drugs has been reported to the New Zealand Adverse Drug Reaction Committee (McQueen 1977) . Positive wheal and flare reactions to 1.1000 dilutions of d-tubocurarine on patients who have not received the drug are reported in the literature also (Mathews, Ceglarski and Pabari 1977) . In three patients suffering anaphylaxis to d-tubocurarine no positive reactions to dilutions of aJcuronium occurred. It is probable that Case 4 is not sensitive to d-tubocurarine as well, although she has been cautioned against further exposure to both drugs.
These cases illustrate the value of adrenaline in acute anaphylactic reactions. Monro Ford ( 1977) has commented on the neglect of adrenaline in treating anaphylaxis although it is specifically indicated. In two of these cases adrenaline was not used, and in the third it was used late. On each occasion when adrenaline was used the patient responded.
The cases further illustrate the value of colloidal solutions in management of anaphylactic cardiovascular collapse. Fisher (1977) showed rhat the replacement of plasma loss in anaphylaxis with crystalloid is ineffective due to loss of fluid from the intravascular compartment. Colloidal solutions remain intravascularly and the circulation is restored more rapidly; the vast quantities of crystalloid used in the past (Fisher 1975) are not necessary.
